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We have designed a temperature and strain monitoring system for a magnetic actuator based on the giant 
magnetostrictive material Terfenol-D (Tb0.3 Dy0.7Fe1.92) with Fiber Bragg grating (FBG) sensors. Magneto-elastic 
properties of Terfenol-D depend on magnetization, stress pre-history, and temperature. In order to simultaneously 
monitor these effects, we have implemented a system based on a cylindrical Terfenol-D rod monitored with four 
FBGs that allows making the appropriate compensations on the strain measurement due to temperature drift. We have 
measured the magnetostriction in the axial and the transverse directions for the Terfenol-D rod with two 
perpendicular FBGs, and calculated the Poisson ratio. An additional mechanical system for strain amplification has 
been designed in order to increase sensitivity, by a factor of 4, in the strain measurement with the FBG sensor. 
 
Keywords: Magneto Optic Sensors, Magnetic Optic Actuator, Magnetostriction, Fiber Bragg Grating, Terfenol-D, 
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 1. Introduction 
 
Magnestrostictive materials have been widely used for 
the construction of magnetic sensors and actuators [1,2] 
Among other materials, Terfenol-D (Tb0.3 Dy0.7 Fe1.92) can 
be considered as the most studied one due to the possibility to 
achieve high magnetostriction strains [3,4,]. It is widely 
known that the magneto-elastic properties of this material can 
be modified as a function of the combination of both 
magnetization and stress pre-history.  However, other 
parameters such as temperature may affect the optimum value 
of the operation point of Terfenol-D based sensors and 
actuators. In order to study the role of all these factors 
simultaneously one can use optical fiber sensors.  They are a 
good option due to the small size, their intrinsically safe 
operation based on the use of light, the resistance to hard 
environmental conditions or their insensitivity to any external 
electromagnetic interference. 
 Fiber Bragg gratings (FBGs) is one of the most 
important optical fiber sensor type. These devices offer the 
possibility to implement several sensors in the same optical 
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fiber and they are characterized by a relatively simple 
interrogation method [6]. For the above mentioned reasons 
FBGs have been used in combination with Terfenol-D to 
implement magnetic field sensors and actuators with very 
different operation designs [7-12].  
FBGs are periodic or quasi-periodic modulations of the 
refractive index of the core of the optical fiber. This 
modulation of the refractive index is commonly produced by 
exposing the optical fiber to a high intensity ultra violet light 
pattern [13]. The periodic modulation of the refractive index 
causes the light to be reflected at certain wavelengths while it 
remains near transparent for the rest of the optical spectrum. 
The wavelength at which the maximum reflectivity is 
produced is known as the Bragg wavelength. It is given by  
2B effn    , where effn   is the effective refractive index of 
the fiber core and   is the physical period of the induced 
refractive index modulation. Under strain or temperature 
changes the Bragg wavelength suffers a shift that can be 
expressed as the sum of the effects of these two contributions: 
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A magnetic actuator based on Terfenol-D was designed and 
tested. In order to simultaneously monitor the strain due to 
magnetization, stress, and temperature, we have implemented 
a system based on a cylindrical Terfenol-D rod with four 
FBGs. The magnetostriction was measured in the axial and 
the transverse direction with two perpendicular FBGs, and the 
Poisson ratio of the Terfenol-D rod (was calculated 
on the basis of these measurements. We have used one FBG 
to measure temperature changes, and another one to measure 
the thermal expansion of Terfenol-D. The strain due to the 
Terfenol-D expansion is 2.5 times higher than that of the 
FBG used for temperature measurement. With this data, the 
temperature drift of the strain can be compensated. The 
influence of a compression stress and temperature on the 
sensitivity of magnetostriction was also investigated. 
Compression stress increases sensitivity and an increase of 
temperature reduces the sensitivity. Finally, a strain 
amplification structure has been designed and fabricated 
giving opportunity to increase the sensitivity of the strain 
measurements by a factor of 4, allowing more accurate 
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